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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinventionrelatestoahotwatersup-
ply and heating system associated with a heat pump and
a method for controlling the same.

2. Description of the Related Art

[0002] A hot water supply and heating apparatus as-
sociated with a heat pump is an apparatus which is com-
bined with a heat pump cycle and a hot water circulation
unit and performs heat-exchange between water and re-
frigerant discharged from a compressor which consti-
tutes a heat pump refrigerant circuit to perform a hot water
supply and a floor heating.

[0003] Ina conventional system, a pipe for water flow-
ing along a closed cycle for heating is separated from
that for supplying hot water, and heat exchange is per-
formed at each different spot of the pipe on the outlet
side of the compressor of the heat pump refrigerant cir-
cuit. That is, in the conventional system, a water-refrig-
erant heat exchanger for heating and a water-refrigerant
heat exchanger for hot water supply are separate.
[0004] In the conventional system, water supplied for
hot water supply performs heat-exchange with the refrig-
erant, while passing through the water-refrigerant heat
exchanger for hot water supply, and is then directly dis-
charged.

[0005] The hotwater supply and heating apparatus as-
sociated with the heat pump having the structure as de-
scribed thus has the following problems.

[0006] Firstly, when frost is generated on a surface of
an evaporator which constitutes the heat pump refriger-
ant circuit and a defrosting operation is thus needed,
heating and hot water supply functions must stop com-
pletely until the defrosting operation is finished. During
the defrosting operation, the hot water cannot thus be
supplied and indoor temperature is also reduced. If a
heating operation is also performed while the defrosting
operation is performed, heat is transferred from the wa-
ter-refrigerant heat exchanger to the refrigerant, so a
temperature of the circulating water drops to cause a
drop in a temperature of an indoor floor.

[0007] Secondly, eventhough the hotwatersupply and
heating are performed again after the defrosting opera-
tion is finished, it takes some time for the heating circuit
reaches a normal level and the hot water supplied reach-
es a set temperature.

[0008] Thirdly, the water-refrigerant heat exchanger
for heating and the water-refrigerant heat exchanger for
hot water supply are separate, so an installation process
is complicated and a manufacturing cost is increased.
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SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed
to a refrigerator that substantially obviates one or more
problems due to limitations and disadvantages of the re-
lated art.

[0010] An object of the present invention is to provide
a hot water circulation system associated with a heat
pump which reduces an installation process and a man-
ufacturing cost and allows a hot water supply to be per-
formed smoothly even during a defrosting operation, and
a method for controlling the same.

[0011] In particular, an object of the present invention
is to provide a hot water circulation system associated
with a heat pump which allows a defrosting operation to
be performed, while a hot water supply is normally per-
formed, and a method for controlling the same.

[0012] Additional advantages, objects, and features of
the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the invention.
The objectives and other advantages of the invention
may be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.

[0013] Toachieve these objects and other advantages
and in accordance with an embodiment of the present
invention, there is provided a method for controlling a hot
water circulation system associated with a heat pump,
the hot water circulation system associated with a heat
pump comprising an outdoor unitincludinga compressor,
an outdoor heat-exchanger, and an expansion part, and
performing a heat pump refrigerant cycle; an indoor unit
including a water-refrigerant heat-exchanger which per-
forms heat exchange between a refrigerant discharged
from the compressor and water, a water collection tank
in which water passing through the water-refrigerant
heat-exchanger is stored, and a water pump which
pumps water discharged from the water collection tank;
and a hot water circulation unit which receives heat from
the water pumped from the water pump to perform hot
water supply or heating, characterized in that the meth-
od comprises: sensing a refrigerant temperature T1 of
the outdoor heat exchanger and a water temperature(T2)
within a water pipe; and adjusting operation conditions
of the outdoor unit and indoor unit simultaneously or se-
lectively according to the values of the sensed refrigerant
temperature T1 and water temperature T2.

[0014] In accordance with an embodiment of the
present invention, there is provided a hot water circula-
tion system associated with a heat pump, comprising: an
outdoor unit including a compressor, an outdoor heat-
exchanger, and an expansion part, the outdoor unit ar-
ranged to perform a heat pump refrigerant cycle; an in-
door unit including a water-refrigerant heat-exchanger
arranged to perform heat exchange between arefrigerant
discharged from the compressor and water, a water col-



3 EP 2 287 536 A2 4

lection tank in which water passing through the water-
refrigerant heat-exchanger is stored, and a water pump
arranged to pump water discharged from the water col-
lection tank; and a hot water circulation unit arranged to
receive heat from the water pumped by the water pump
and to perform hot water supply or heating, character-
ized in that the system includes a bypass means ar-
ranged to control the flow of a portion of a refrigerant
discharged from the compressor to by-pass to the out-
door heat-exchanger when a temperature of the outdoor
heat-exchanger is lower than a defrosting requisite tem-
perature while hot water supply or heating is performed.
[0015] In accordance with another embodiment of the
present invention, there is provided a method for control-
ling a hot water circulation system associated with a heat
pump, the hot water circulation system associated with
a heat pump comprising an outdoor unit including a com-
pressor, an outdoor heat-exchanger, and an expansion
part, and performing a heat pump refrigerant cycle; an
indoor unit including a water-refrigerant heat-exchanger
which performs heat exchange between arefrigerant dis-
charged from the compressor and water, a water collec-
tion tank in which water passing through the water-refrig-
erant heat-exchanger is stored, and a water pump which
pumps water discharged from the water collection tank;
and a hot water circulation unit which receives heat from
the water pumped by the water pump to perform hot water
supply or heating, characterized in that when a tem-
perature of the outdoor heat-exchanger is lower than a
defrosting requisite temperature while hot water supply
or heating is performed, the system is controlled such
that a portion of a refrigerant discharged from the com-
pressor is by-passed to the outdoor heat-exchanger, and
the water pump maintains its driving state.

[0016] According to a hot water circulation system as-
sociated with a heat pump having the configuration as
described above and a method for controlling the same,
hot water supply and floor heating can be performed se-
lectively using a single hot water circulation closed cycle.
[0017] More specifically, a single water-refrigerant
heat-exchanger performing heat exchange with a heat
pump refrigerant cycle is provided, making it possible to
reduce an installation process and a manufacturing cost
of the system.

[0018] Hot water supply can also be performed
smoothly even while a defrosting operation is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

FIG. 1 is a view showing a hot water circulation sys-
tem associated with a heat pump according to a first
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embodiment of the present invention;

FIG. 2 is a perspective view showing a configuration
of an indoor unit which constitutes the hot water cir-
culation system associated with the heat pump;
FIG. 3 is a schematic block diagram showing a con-
trol configuration of a hot water circulation system
associated with a heat pump according to a first em-
bodiment of the present invention;

FIG. 4 is aflowchart showing a method for controlling
a defrosting of a hot water circulation system asso-
ciated with a heat pump according to a first embod-
iment of the present invention; and

FIG. 5 is a configuration view of a hot water circula-
tion system associated with a heat pump according
to a second embodiment of the present invention.

Description of the Preferred Embodiments

[0020] Reference willnow be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.

[0021] Hereinafter, the exemplary embodiments of the
present invention will be described in more detail with
reference to the accompanying drawings.

[0022] FIG. 1is aview showing a hot water circulation
system associated with a heat pump according to a first
embodiment of the present invention, and FIG. 2 is a
perspective view showing a configuration of an indoor
unit which constitutes the hot water circulation system
associated with the heat pump.

[0023] Referring to FIGS. 1 and 2, the hot water circu-
lation system associated with a heat pump 1 includes an
outdoor unit 2 in which a heat pump refrigerant cycle is
included, an indoor unit 3 which heats water by perform-
ing heat-exchange with a refrigerant whose phase is
changed along the heat pump refrigerant cycle, a hot
water supply unit 4 which is connected heat-exchange-
ably to a portion of the indoor unit 3 to supply hot water,
and a heating unit which consists of a water pipe extend-
ed from the indoor unit 3.

[0024] More specifically, the heat pump refrigerant cy-
cle includes a compressor 21 which compresses a re-
frigerant at high temperature and at high pressure, a four-
way valve 22 which controls a flow direction of the refrig-
erant discharged from the compressor 21, a water-refrig-
erant heat exchanger 31 which performs heat exchange
between the high-temperature and high-pressure refrig-
erant which has passed through the four-way valve 220
and water flowing along a water pipe of the indoor unit
3, an expansion part 24 which expands the refrigerant
which has passed through the water-refrigerant heat ex-
changer 31 at low temperature and at low pressure, and
an outdoor heat-exchanger 23 which performs heat-ex-
change between the refrigerant which has passed
through the expansion part and outdoor air. A tempera-
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ture sensor (not shown) is attached to the outdoor heat-
exchanger 23 to sense a temperature of a pipe surface
ofthe outdoor heat-exchanger 23. Thatis, itis determined
whether a defrosting operation is needed according to a
pipe temperature value sensed by the temperature sen-
sor. These components are connected to each other
through a refrigerant pipe 25 to form a closed cycle. The
outdoor unit 2 includes the compressor 21, the four-way
valve 22, the expansion unit 24, and the outdoor heat-
exchanger 23. When the outdoor unit 2 is operated in a
cooling mode, the outdoor heat-exchanger 23 functions
as acompressor, and when the outdoor unit 2 is operated
in a heating mode, the outdoor heat-exchanger 23 func-
tions as an evaporator. Respective temperature sensors
TH1, TH2 may be mounted on refrigerant pipes on inlet
and outlet sides of the water-refrigerant heat-exchanger
31.

[0025] Hereinafter, the present invention will be de-
scribed by limiting the hot water circulation system asso-
ciated with a heat pump 1 to be operated in a heating
mode, excepting for the case when the hot water circu-
lation system associated with a heat pump 1 is operated
in a defrosting operation.

[0026] The indoor unit 3 includes the water-refrigerant
heat-exchanger 31, a flow switch which is mounted on
the water pipe extended to an outlet side of the water-
refrigerant heat-exchanger 31 to sense the flow of water,
an expansion tank 33 which is branched at a certain spot
spaced from the flow switch 32 in the flow direction of
water, a water collection tank 34 to which an end of the
water pipe extended from the outlet side of the water-
refrigerant heat-exchanger 31 is inserted and an auxiliary
heater 35 is provided therein, and a water pump 36 which
is provided at a certain spot of the water pipe on the outlet
side of the water collection tank 34.

[0027] More specifically, the water-refrigerant heat-ex-
changer 31 is a portion where the heat-exchange is per-
formed between the refrigerant flowing along the heat
pump refrigerant cycle and water flowing along the water
pipe, and a plate-type heat-exchanger may be applied
to the water-refrigerant heat-exchanger 31. In the water-
refrigerant heat-exchanger 31, heat QH is transferred
from the high-temperature high-pressure gas refrigerant
passing through the compressor 21 to the water flowing
along the water pipe. The water flowing into the water-
refrigerant heat-exchanger 31 is tepid through the hot
water supply process or the heating process. Respective
temperature sensors TH3, TH4 may be mounted on wa-
ter pipes on inlet and outlet sides of the water-refrigerant
heat-exchanger 31.

[0028] When the volume of water heated by passing
through the water-refrigerant heat-exchanger 31 is ex-
panded exceeding appropriated levels, the expansion
tank 33 functions as a buffer absorbing the overexpanded
water. Diaphragms are included inside the expansion
tank 33 to move in response to the change of the volume
of water. The inside of the expansion tank 33 is filled with
nitrogen gas.
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[0029] The water collection tank 34 is a container
where the water passing through the water-refrigerant
heat-exchanger 31 is collected. An auxiliary heater 35 is
mounted to the inside of the water collection tank 34 to
be selectively operated, when the quantity of heat sucked
through the defrosting operation process or the water-
refrigerant heat-exchanger 31 does not reach the quan-
tity of heat requested.

[0030] An air vent 343 is formed on the upper side of
the water collection tank 34 to allow air overheated in the
water collection tank 34 to be exhausted. A pressure
gage 341 and arelief valve 342 are provided on one side
of the water collection tank 34 to enable the pressure
inside the water collection tank 35 to be controlled ap-
propriately. For example, when the water pressure inside
the water collection tank 35 indicated by the pressure
gage 341 is excessively high, the relief valve 342 is
opened to ensure that the pressure inside the tank can
be controlled appropriately. A temperature sensor TH5
which measures a water temperature may also be mount-
ed on one side of the water collection tank 34.

[0031] Also, the water pump 36 pumps water dis-
charged through the water pipe extended from the outlet
side of the water collection tank 34 to supply the water
to a hot water supply unit 4 and a heating unit 5.

[0032] Also, a control box 38 in which various electric
components are stored is mounted on one side of the
inside of the indoor unit 3, and a control panel 37 is pro-
vided on a front surface of the indoor unit 3. More spe-
cifically, the control panel 37 may include a display unit
such as a LCD panel, and various input buttons. A user
may check operation information such as an operation
condition of the indoor unit 3 or a water temperature pass-
ing through the indoor unit 3 and other menu, etc., using
the display unit.

[0033] The hot water supply unit 4 is a portion where
water used for the user in washing his or her face or
washing the dishes is heated and supplied.

[0034] More specifically, a channel switching valve 71
which controls the flow direction of water is provided at
a certain spot spaced from the water pump 36 in the flow
direction of water. The channel switching valve 71 may
be a three-way valve which allows the water pumped by
the water pump 36 to be flowed to the hot water supply
unit 4 or the heating unit 5. A hot water supply pipe 48
extended to the hot water supply unit and a heating pipe
53 extended to the heating unit 5 are thus connected to
the outlet side of the channel switching valve 71, respec-
tively. The water pumped by the water pump 36 is selec-
tively flowed to any one of the hot water supply pipe 48
and heating pipe 53 according to the control of the chan-
nel switching valve 71.

[0035] The hotwater supply unit4 includes a hot water
supply tank 41 in which water supplied from the outside
of the hot water supply unit 4 is stored and heated, and
an auxiliary heater 42 provided inside the hot water sup-
ply tank 41. An auxiliary heat source which supplies heat
to the hot water supply tank 41 may further be included
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according to the installation form of the hot water supply
unit 4. A heat storage tank 43 using a solar cell panel
may be suggested as the auxiliary heat source. An inlet
part 411 into which cold water is flowed and an outlet
part 412 through which heated water is discharged are
provided on one side of the hot water supply unit 4.
[0036] More specifically, a portion of the hot water sup-
ply pipe extended from the channel switching valve 71
is inserted into the hot water supply tank 41 to heat water
stored inside the hot water supply tank 41. In other words,
heat is transferred from high-temperature water flowing
along the inside of the hot water supply pipe 48 to water
stored in the hot water supply tank 41. In a certain case,
additional heat may also be supplied by operating the
auxiliary heater 42 and auxiliary heat source. The auxil-
iary heater 42 and auxiliary heat source may be operated
when water must be heated in a short time, for example,
when a user needs a considerable amount of hot water
in order to take a shower. A temperature sensor which
senses a water temperature may be mounted on one
side of the hot water supply tank 41.

[0037] A hot water discharging apparatus such as a
shower 45 or a home appliance such as a humidity 46
may be connected to the outlet part 412 according to
embodiments. When the heat storage tank 43 using the
solar cell panel is used as the auxiliary heat source, an
auxiliary pipe 47 extended from the heat storage tank 43
may be inserted into the inside of the hot water supply
tank 41. An auxiliary pump 44 which controls flow velocity
inside a closed cycle of the auxiliary pipe and a direction
switching valve VA which controls the flow direction of
water inside the auxiliary pipe 47 may be mounted on
the auxiliary pipe 47. A temperature sensor TH7 which
measures a water temperature may also be mounted on
any one side of the auxiliary pipe 47.

[0038] The structure of the auxiliary heat source such
as the heat storage tank using the solar cell panel is not
limited to the embodiment proposed above, but the aux-
iliary heat source may be mounted on other positions,
having diverse forms.

[0039] Meanwhile, the heating unit 5 includes a floor
heating unit 51 formed by burying a portion of the heating
pipe 53 in an indoor floor, and an air heating unit 52
branched from any spot of the heating pipe 53 to be con-
nected to the floor heating unit 51 in parallel.

[0040] More specifically, the floor heating unit 51 may
be laid under the indoor floor in a meander line form, as
shown in FIG. 1. The air heating unit 52 may be a fan
coil unit or a radiator. In the air heating unit 52, a portion
of an air heating pipe 54 branched from the heating pipe
53 is provided as a heat-exchange means. On the spots
branched from the air heating pipe 54, channel switching
valves 55, 56 such as a three-way valve are installed to
allow the refrigerant flowing along the heating pipe 53 to
be flowed onto the floor heating unit 51 and the air heating
unit 52, or to be flowed onto only any one of the floor
heating unit 51 and the air heating unit 52.

[0041] Anendofthe hotwater supply pipe 48 extended
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from the channel switching valve 71 is combined at the
spot spaced from an outlet end of the air heating pipe 54
in the flow direction of water. In a hot water supply mode,
the water flowing along the hot water pipe 48 is thus put
together into the heating pipe 53 again and is then flowed
into the water-refrigerant heat-exchanger 31.

[0042] Here, a check valve V is installed on a spot re-
quired to cut off a counter flow, such as a spot where the
heating pipe 48 and the heating pipe 53 are combined,
making it possible to prevent the counter flow of water.
In this regard, check valves can be installed on an outlet
end of the air heating pipe 54 and an outlet end of the
floor heating unit 51, respectively, instead of the method
that the channel switching valve 56 is installed on the
outlet ends.

[0043] Hereinafter, the flow of water occurring in the
hot water circulation system associated with the heat
pump will be described for each operation mode.
[0044] In the hot water supply mode, the flow of water
is controlled by the channel switching valve 71 to be
flowed onto the hot water supply pipe 48. Therefore, wa-
ter circulates along a closed cycle B in which a water-
refrigerant heat-exchanger 31, a water collection tank
34, a water pump 36, a channel switching valve 71 and
a hot water supply pipe 48 are connected. During such
a circulation process, cold water flowed into an inlet part
411 of the hot water supply tank 41 is heated and then
discharged into the outside of the water supply tank 41
through an outlet part 412 thereof, thereby being supplied
to a user.

[0045] In the heating mode, the flow of water is con-
trolled by the channel switching valve 71 to be flowed
onto the heating pipe 53. Therefore, water circulates
along a closed cycle A in which a water-refrigerant heat-
exchanger 31, a water collection tank 34, a water pump
36, a channel switching valve 71 and a hot water supply
pipe 48 are connected. The water flowing along the heat-
ing pipe 53 thus flows onto the air heating unit 52 or the
floor heating unit 51.

[0046] In the system having the configuration as de-
scribed above, if the outdoor unit 2 performs a heat pump
refrigerant cycle for a long time, a surface of the outdoor
heat-exchanger 23 is frozen so that a heat-exchange with
external airis not smooth. Therefore, when atemperature
of the outdoor heat-exchanger 23 becomes below a set-
ting temperature, ice formed on the surface of the outdoor
heat-exchanger 23 should be removed by performing a
defrosting operation.

[0047] Hereinafter, it will be described a controlling
method for previously preventing a surface of the outdoor
heat exchanger 23 from being frozen or removing frost
formed on the surface of the outdoor heat-exchanger 23
by controlling the operating rate of the outdoor unit while
the outdoor unit 2 is operated in a heating mode.
[0048] FIG. 3 is a schematic block diagram showing a
control configuration of a hot water circulation system
associated with a heat pump according to a first embod-
iment of the present invention.
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[0049] Referring to FIG. 3, the hot water circulation
system associated with the heat pump 1 according to the
first embodiment includes a control unit 100, an input unit
101 which inputs a command into the control unit 100,
an outdoor heat-exchanger temperature sensing unit
102, a water-refrigerant heat-exchanger temperature
sensing unit 103 which senses a temperature on an outlet
side of the water-refrigerant heat-exchanger, a driver
which operates according to a temperature value sensed
by the temperature sensing units 102, 103, and a memory
105 in which reference values compared with the tem-
perature value sensed by the sensing units 102, 103 and
various information required in driving the system are
stored.

[0050] More specifically, various input buttons provid-
ed on a control panel 37 of the indoor unit 3 are included
in the input unit 101. A temperature sensor (not shown)
attached to the outdoor heat-exchanger 23 is included in
the outdoor heat-exchanger temperature sensing unit
102. Temperature sensors TH3 to TH5 mounted on a
water pipe of the indoor unit are included in the water-
refrigerant heat-exchanger temperature sensing unit
103, and the temperature sensors TH3 to TH5 are limited
to a temperature sensor TH3 provided on an outlet side
of the water-refrigerant heat-exchanger 31 in the present
embodiment. An outdoor fan (not shown) mounted on
the compressor 21, water pump 36, auxiliary heaters 35,
42 and outdoor heat-exchanger 23 is included in the driv-
er 104.

[0051] With the control configuration as described
above, a temperature value sensed by the outdoor heat-
exchanger temperature sensing unit 102 and water-re-
frigerant heat-exchanger temperature sensing unit 103
is transferred to the control unit 100. The control unit 100
compares and determines the transferred temperature
value with a reference value stored in the memory 105,
and allows the driver 104 to perform a defrosting opera-
tion according to the result.

[0052] FIG. 4 is aflowchart showing a method for con-
trolling a defrosting of a hot water circulation system as-
sociated with a heat pump according to a first embodi-
ment of the present invention.

[0053] Referring to FIG. 4, while the system 1 oper-
ates, a temperature T1 of refrigerant pipe and a temper-
ature of water passing through a water-refrigerant heat-
exchanger 31 are sensed by the outdoor heat-exchanger
temperature sensing unit 102 and water-refrigerant heat-
exchanger temperatures sensing unit 103 (S10). In the
control unit 100, itis determined whether the temperature
T1 of refrigerant pipe drops to a defrosting requisite tem-
perature Ta (S20).

[0054] When the temperature T1 of refrigerant pipe
drops below a defrosting requisite temperature Ta, the
operating rate of the compressor is reduced (S30). The
velocity of the outdoor fan is also reduced and the open-
ing of an expansion unit 24 is controlled, such that a tem-
perature of the outdoor heat-exchanger 23 is increased
(S40). Here, the expansion part 24 may be an electronic
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expansion valve (EEV) whose opening rate can be con-
trolled, and hereinafter, the present embodiment will be
described by exemplifying the expansion part as the elec-
tronic expansion valve.

[0055] More specifically, if the operating rate of the
compressor 21 is reduced and the opening of the expan-
sion part 24 is controlled according to the reduced oper-
ating rate, a temperature of an inlet of the outdoor heat-
exchanger 23 is increased. In this state, the velocity of
the outdoor fan is reduced to reduce heat emission to
the external air, and instead, the heat is used in thawing
frost formed on the surface of the outdoor heat-exchang-
er 23.

[0056] Meanwhile, after the operation condition of the
outdoor unit 2 is changed, an operation to determine
whether the water-refrigerant heat-exchanger 31 tem-
perature T2 is lower than a setting temperature Tb (S50)
is performed. Furthermore, even when the temperature
T1 of refrigerant pipe is maintained to be higher than the
defrosting requisite temperature Ta and it is thus deter-
mined that the surface of the outdoor exchanger 23 is
not frozen or the freezing is not performed enough to a
level that a defrosting operation is required, the operation
S50 is performed.

[0057] More specifically, in the control unit 100, it is
determined whether a temperature T2 of the water-re-
frigerant heat-exchanger is lower than a setting temper-
ature Tb. Herein, the setting temperature Tb is a refer-
ence temperature value for changing an operation state
of the indoor unit 3. For example, when a water temper-
ature on an outlet side of the water-refrigerant heat-ex-
changer 23 is lower than the setting temperature Tb, a
hot water supply function or a heating function may not
be smoothly performed. In this case, there is a need that
an auxiliary heater 35 mounted on the water collection
tank 34 or an auxiliary heater 42 mounted on the hot
water supply tank 41 is operated selectively, or an output
of the water pump 36 is controlled. As described above,
the setting temperature Tb may be a reference temper-
ature that determines whether a driver 104 provided on
the indoor unit 3 operates, or a reference temperature
that controls an operation state of the driver 104.
[0058] More specifically, when the temperature T2 of
the water-refrigerant heat-exchanger drops below the
setting temperature Tb, the auxiliary heaters 35, 42 op-
erate to allow a temperature of water circulating along a
water pipe to be maintained in a normal operation state
(S60). An output of the water pump 36 is reduced selec-
tively or simultaneously with the operation of the auxiliary
heaters 35, 42, such that the flow velocity of water pass-
ing through the water-refrigerant heat-exchanger 31 is
reduced (S60).

[0059] Then, the flow velocity of water passing through
the water-refrigerant heat-exchanger 31 is reduced, such
that a time of heat exchange is lengthened. Therefore, a
temperature of water on an outlet side of the water-re-
frigerant heat-exchanger 31 is increased.

[0060] Here, the driving process of the auxiliary heat-
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ers 35, 42 and the process to reduce an output of the
water pump may be selectively or simultaneously per-
formed. The two processes may also be sequentially per-
formed. During an installation process of the system 1,
driving conditions may be set by an installer or may be
previously programmed in the control unit.

[0061] Also, a multi-stage control of the auxiliary heat-
ers 35, 42 may be performed according to a water tem-
perature within the water pipe. More specifically, as an
amount of current supplied to the auxiliary heaters 35,
42 is increased in stages according to the water temper-
ature within the water pipe, a temperature of the heaters
may be increased in stages. Alternately, a plurality of
heaters are mounted on the water collection tank 34 or
the water supply tank 41, such that the number of oper-
ating heaters may vary according to the water tempera-
ture.

[0062] Meanwhile, when it is determined that the wa-
ter-refrigerant heat-exchanger temperature T2 is higher
than the setting temperature Tb, in the control unit 100,
itis determined whether a system stop command s input,
such that a process to control the operation of the driver
according to the outdoor heat-exchanger temperature T1
and water-refrigerant heat-exchanger temperature T2
(hereinafter, S10) is performed repeatedly until a system
stop command is input.

[0063] With the control method of the system as de-
scribed above, a defrosting operation is performed before
atemperature of a surface of the outdoor heat-exchanger
23 drops to a defrosting requisite temperature, having an
effect that a hot water supply or a heating operation is
maintained continuously. That is, a defrosting effect can
be obtained without performing a separate defrosting op-
eration such as thatan outdoor unit switches an operation
condition from a heating cycle to a cooling cycle. The
defrosting effect be obtained without interrupting the op-
eration of the hot water circulation system, hot water sup-
ply can be made continuously to a user and afloor heating
can be maintained as a setting level.

[0064] FIG. 5 is a configuration view of a hot water
circulation system associated with a heat pump accord-
ing to a second embodiment of the present invention.
[0065] Referring to FIG. 5, the second embodiment
has the same configurations including the indoor unit 2,
hot water supply unit4 and heating unit 5 as those shown
in the first embodiment, but has a difference in the con-
figuration of an outdoor unit 2. Therefore, the configura-
tions excepting for the outdoor unit 2 will not be repeated.
[0066] More specifically, the outdoor unit 2 of the hot
water circulation system associated with the heat pump
1 has the same configurations including a compressor
21, a four-way valve 22, an outdoor heat-exchanger 23,
and an expansion part as those shown in FIG. 1. The
outdoor unit 2 also has the same configuration that a
temperature sensor is mounted on the outdoor heat-ex-
changer 23. Furthermore, in the present embodiment, a
by-pass valve 26 is mounted on a discharge side of the
compressor 21 to allow a portion of a refrigerant dis-
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charged from the compressor 21 to be by-passed to an
inlet side of the outdoor heat-exchanger 23 when a de-
frosting operation is required.

[0067] More specifically, a by-pass pipe 28 is extended
from the by-pass valve 26 to be connected to an inlet
side of the outdoor heat-exchanger 23. A pressure re-
duction device 28 is provided on any one side of the by-
pass pipe 27 to allow the pressure of the by-passed re-
frigerant to be decreased to the pressure on an inlet side
of the outdoor heat-exchanger 23.

[0068] Also, an induction heater 60 may be mounted
on an outer side of the outdoor heat-exchanger 23, the
induction heater 60 generating heat using induced cur-
rent by means of magnetic field.

[0069] More specifically, the induction heater 60 in-
cludes a coil 62 in which current flows to generate mag-
netic field, and a ceramic plate 61 provided on an upper
side of the coil for insulation.

[0070] Generally, the induction heater 60 is a heater
using induced current generated by means of magnetic
field as a heat source and is consist of an electromagnet
through which high-frequency alternating current can
pass. The electromagnet is formed in a shape that the
coil 62 is wound on a conductor.

[0071] Hereinafter, a heating function of the induction
heater 60 will be described.

[0072] If alternating current passes through the coil 62,
an alternating magnetic field whose direction changes
according to a time is formed on the coil 62. The alter-
nating magnetic force is then applied to the conductor
wound on the coil 62, and a swirling current (eddy current)
is generated by an electromagnetic induction phenome-
non. The outdoor heat-exchanger 23 is heated by Joule
heat generated by the swirling current. More specifically,
if high-frequency current flows on the coil 62 in a state
when the induction heater 60 is installed on an outer side
of the outdoor heat exchanger 23, a magnetic force line
122 passes through the ceramic plate 61 and outdoor
heat-exchanger 23. The induced current is then gener-
ated to the outdoor heat-exchanger 23 and as a result,
a predetermined heat is generated. Therefore, frost or
ice formed on a surface of the outdoor heat-exchanger
23 thaws.

[0073] The induction heater 60 is a heater to supply
heat by means of induced current and is advantageous
in view of the low heat loss and high efficiency.

[0074] For example, an air conditioner can perform a
defrosting by the induction heater 60 until a temperature
of an evaporator is -8°C. It can be appreciated that the
defrosting ability is remarkably greater than a conven-
tional defrosting method in which the defrosting operation
can be performed only until a temperature of the evapo-
rator is - 1°C.

[0075] In the hot water circulation system associated
with the heat pump 1 according to the second embodi-
ment, a portion of a refrigerant passing through a com-
pressor 21 is by-passed to an outdoor exchanger 23 be-
fore a temperature of the outdoor heat-exchanger 23
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drops below a defrosting requisite temperature. That is,
a portion of high-temperature refrigerant is supplied to
the outdoor heat-exchanger 23 before the outdoor heat-
exchanger 23 drops below the defrosting requisite tem-
perature, thereby previously blocking the necessity of an
defrosting operation.

[0076] Inotherwords, if the temperature of the outdoor
heat-exchanger 23 drops to the defrosting requisite tem-
perature, the defrosting operation is not performed but a
portion of high-temperature high-pressure refrigerant
discharged from the compressor 21 is flowed into the
evaporator 23. Then, a temperature of a surface of the
evaporator 23 is increased, such that ice formed on the
surface thaws.

[0077] More specifically, the by-pass valve 26 oper-
ates to allow a portion of the refrigerant discharged from
the compressor 21 to be flowed onto the by-pass pipe
27.Then, therefrigerantbranched along the by-pass pipe
27 passes through a pressure reduction device and drops
to the pressure on an inlet side of the outdoor heat-ex-
changer 23. The branched refrigerant is flowed into the
outdoor heat-exchanger 23, such that a temperature of
the outdoor heat-exchanger 23 is increased. As a result,
moisture frozen on the surface of the outdoor heat-ex-
changer 23 thaws.

[0078] Here, although the by-pass valve 26 operates
to perform the defrosting operation, the water pump 36
operates continuously to allow hot water to be circulated.
Therefore, a hot water supply and a heating are per-
formed smoothly even while the defrosting operation is
performed. The opening of the by-pass valve 26 can be
controlled according to the extent of freezing of the out-
door heat-exchanger 23.

[0079] Meanwhile, the defrosting of the outdoor heat-
exchanger 23 is not completely performed only with the
operation of the by-pass valve 26, that is, only with the
control of opening of the by-pass valve 26, the induction
heater 60 may be operated. In other words, the defrosting
operation by means of the refrigerant by-pass and the
defrosting operation by means of the induction heater 60
may be simultaneously performed. Alternatively, the in-
duction heater may be driven prior to the refrigerant by-
pass, and the refrigerant by-pass may be performed se-
lectively according to the defrosting effect.

[0080] Also, if a portion of the refrigerant passing
through the compressor 21 is by-passed to the outdoor
heat-exchanger 23, an amount of heat exchange per-
formed by the water-refrigerant heat-exchanger 31 may
be reduced. In this case, an output of the water pump 36
is controlled. In other words, if the flow velocity within a
water pipe is reduced by reducing the output of the water
pump 36, the velocity of water passing through the water-
refrigerant heat-exchanger 31 is reduced, making it pos-
sible to compensate for the amount of heat exchange.
This is the same as that described in the first embodi-
ment.

[0081] With the configuration as described above, a
phenomenon that heat of water circulating the indoor unit
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3, the hot water supply unit 5, or the heating unit 5 is
taken away in the water refrigerant pipe 31 to be cooled
is not generated. In other words, the defrosting effect can
be obtained without performing the defrosting operation,
and the stop of the operation of the hot water circulation
may not be required. Therefore, the hot water supply can
be performed to a user continuously and the floor heating
can be maintained constantly.

[0082] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the inventions. Thus, it is intended that the
presentinvention covers the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

[0083] Embodiments of the invention are set out in the
following numbered clauses:

1. A method for controlling a hot water circulation
system associated with a heat pump, the hot water
circulation system associated with a heat pump com-
prising an outdoor unit including a compressor, an
outdoor heat-exchanger, and an expansion part, and
performing a heat pump refrigerant cycle; an indoor
unit including a water-refrigerant heat-exchanger
which performs heat exchange between a refrigerant
discharged from the compressor and water, a water
collection tank in which water passing through the
water-refrigerant heat-exchanger is stored, and a
water pump which pumps water discharged from the
water collection tank; and a hot water circulation unit
which receives heat from the water pumped from the
water pump to perform hot water supply or heating,
characterized in that the method comprises:

sensing a refrigerant temperature T1 of the out-
door heat exchanger and a water temperature
(T2) within a water pipe; and

adjusting operation conditions of the outdoor
unitand indoor unit simultaneously or selectively
according to the values of the sensed refrigerant
temperature T1 and water temperature T2.

2. The method of clause 1, wherein if the refrigerant
temperature T1 is below a defrosting requisite tem-
perature Ta, the system is controlled such that an
operating rate of the compressor is reduced.

3. The method of clause 2, wherein the system is
controlled such that a temperature of the outdoor
heat-exchanger is increased by adjusting opening
of the expansion part, together with the reduction in
the operating rate of the compressor.

4. The method of clause 3, wherein the system is
controlled such that the velocity of a fan provided on
the side of the outdoor heat-exchanger is reduced,
together with or independently from the control of
the opening of the expansion part.

5. The method of clause 1 or 2, wherein if the water
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temperature T2 is below a setting temperature Tb,
the system is controlled such that a driving of an
auxiliary heater for heating the water circulating in
the hot water circulation unit and an output reduction
of the water pump are performed selectively, simul-
taneously or sequentially.

6. The method of clause 5, wherein the auxiliary heat-
er is controllable in a multi-stage manner.

7. The method of clause 5, wherein the auxiliary heat-
er is provided in plurality, and the number of the aux-
iliary heaters in operation is adjusted with respect to
the water temperature.

8. The method of any of clauses 1 to 7, wherein the
water temperature T2 is a temperature at an outlet
side of the water-refrigerant heat-exchanger.

9. A hot water circulation system associated with a
heat pump, comprising:

an outdoor unit including a compressor, an out-
door heat-exchanger, and an expansion part,
and performing a heat pump refrigerant cycle;
an indoor unitincluding a water-refrigerant heat-
exchanger which performs heat exchange be-
tween a refrigerant discharged from the com-
pressor and water, a water collection tank in
which water passing through the water-refriger-
ant heat-exchanger is stored, and a water pump
which pumps water discharged from the water
collection tank; and

a hot water circulation unit which receives heat
from the water pumped by the water pump to
perform hot water supply or heating,
characterized in that the systemincludes a by-
pass means allowing a portion of a refrigerant
discharged from the compressor to be by-
passed to the outdoor heat-exchanger when a
temperature of the outdoor heat-exchanger is
lower than a defrosting requisite temperature
while hot water supply or heating is performed.

10. The hot water circulation system of clause 9,
wherein the by-pass means includes:

a by-pass pipe branched from an outlet side of
the compressor to be connected to an inlet side
of the outdoor heat-exchanger;

a by-pass valve provided on an inlet side of the
by-pass pipe; and

a pressure reduction device provided on a pre-
determined position of the by-pass pipe.

11. The hot water circulation system of clause 9 or
10, further comprising:

an induction heater provided on an outer side of
the outdoor heat-exchanger to generate defrost-
ing heat.
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12. The hot water circulation system of clause 11,
wherein the induction heater and by-pass means op-
erate independently or associated with each other.
13. A method for controlling a hot water circulation
system associated with a heat pump, the hot water
circulation system associated with a heat pump com-
prising an outdoor unit including a compressor, an
outdoor heat-exchanger, and an expansion part, and
performing a heat pump refrigerant cycle; an indoor
unit including a water-refrigerant heat-exchanger
which performs heat exchange between arefrigerant
discharged from the compressor and water, a water
collection tank in which water passing through the
water-refrigerant heat-exchanger is stored, and a
water pump which pumps water discharged from the
water collection tank; and a hot water circulation unit
which receives heat from the water pumped by the
water pump to perform hot water supply or heating,
characterized in that when a temperature of the
outdoor heat-exchanger is lower than a defrosting
requisite temperature while hot water supply or heat-
ing is performed, the system is controlled such that
a portion of a refrigerant discharged from the com-
pressor is by-passed to the outdoor heat-exchanger,
and the water pump maintains its driving state.

14. The method of clause 13, wherein if a tempera-
ture of the outdoor heat-exchanger drops below a
defrosting requisite temperature, aninduction heater
provided on an outer side of the outdoor heat-ex-
changer is driven.

15. The method of clause 14, wherein any one of or
both a process that a portion of the refrigerant is by-
passed and a process that the induction heater is
driven are performed.

16. The method of clause 14, wherein the process
that a portion of the refrigerant is by-passed and the
process that the induction heater is driven are per-
formed simultaneously or sequentially.

17. The method of any of clauses 13 to 16, wherein
opening of a by-pass valve provided on a discharge
side of the compressor is controlled according to the
extent of freezing of the outdoor heat-exchanger.
18. The method of any of clauses 13 to 17, wherein
when a temperature of water flowing along a water
pipe drops, an output of the water pump is reduced.

Claims

A hotwater circulation system associated with a heat
pump, comprising:

an outdoor unit including a compressor, an out-
door heat-exchanger, and an expansion part,
and performing a heat pump refrigerant cycle;

an indoor unitincluding a water-refrigerant heat-
exchanger which performs heat exchange be-
tween a refrigerant discharged from the com-



17 EP 2 287 536 A2 18

pressor and water, a water collection tank in
which water passing through the water-refriger-
ant heat-exchanger is stored, and a water pump
which pumps water discharged from the water
collection tank; and

a hot water circulation unit which receives heat
from the water pumped by the water pump to
perform hot water supply or heating,
characterized in that the system includes an
induction heater provided on an outer side of the
outdoor heat-exchanger to generate defrosting
heat.

The hot water circulation system of claim 1, wherein
the induction heater comprises a coil arranged for
current to flow through to generate a magnetic field,
and a ceramic plate for insulation.

The hot water circulation system of claim 2, wherein
the ceramic plate is provided on an upper side of the
coil.

The hot water circulation of claim 2 or claim 3, where-
in the coil is wound on a conductor.

The hot water circulation system of any of claims 2
to 4, further comprising an alternating current supply
means arranged to supply alternating current to the
coil.

The hot water circulation system of any of claims 2
to 5, wherein the coil is arranged such that, when an
alternating current is supplied to the coil, an induced
magnetic field passes through the ceramic plate and
the outdoor heat exchanger such that heat is gener-
ated in the heat exchanger.

The hot water circulation system of any of claims 1
to 6, further comprising a bypass means allowing a
portion of a refrigerant discharged from the compres-
sor to be by-passed to the outdoor heat-exchanger
when a temperature of the outdoor heat-exchanger
is lower than a defrosting requisite temperature while
hot water supply or heating is performed.

The hot water circulation system as claimed in claim
7, wherein the by-pass means includes:

a by-pass pipe branched from an outlet side of
the compressor to be connected to an inlet side
of the outdoor heat-exchanger;

a by-pass valve provided on an inlet side of the
by-pass pipe; and

a pressure reduction device provided on a pre-
determined position of the by-pass pipe.

9. The hot water circulation system as claimed in claim

8, wherein the induction heater and by-pass means
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10

10.

11.

12.

13.

14.

operate independently or associated with each oth-
er.

A method for controlling a hot water circulation sys-
tem associated with a heat pump, the hot water cir-
culation system associated with a heat pump com-
prising an outdoor unit including a compressor, an
outdoor heat-exchanger, and an expansion part, and
performing a heat pump refrigerant cycle; an indoor
unit including a water-refrigerant heat-exchanger
which performs heat exchange between a refrigerant
discharged from the compressor and water, a water
collection tank in which water passing through the
water-refrigerant heat-exchanger is stored, and a
water pump which pumps water discharged from the
water collection tank; and a hot water circulation unit
which receives heat from the water pumped by the
water pump to perform hot water supply or heating,
characterized in that if a temperature of the outdoor
heat-exchanger drops below a defrosting requisite
temperature, an induction heater provided on an out-
er side of the outdoor heat-exchanger is driven.

The method for controlling a hot water circulation
system of claim 10, wherein when a temperature of
the outdoor heat-exchanger is lower than a defrost-
ing requisite temperature while hot water supply or
heating is performed, the system is controlled such
that a portion of a refrigerant discharged from the
compressor is by-passed to the outdoor heat-ex-
changer, and the water pump maintains its driving
state.

The method as claimed in claim 11, wherein any one
of or both a process that a portion of the refrigerant
is by-passed and a process that the induction heater
is driven are performed.

The method as claimed in claim 12, wherein the proc-
ess that a portion of the refrigerant is by-passed and
the process that the induction heater is driven are
performed simultaneously or sequentially.

The method as claimed in any of claims 10 to 13,
wherein opening of a by-pass valve provided on a
discharge side of the compressor is controlled ac-
cording to the extent of freezing of the outdoor heat-
exchanger.
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